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History of Prover Interaction



TTY loop (= 1979)

0 -+ Terminal v
File Edit View Terminal Tabs Help
Welcome to Isabelle/HOL (Isabelle2013: February 2013) °
> theory A imports Main begin

theory A

> lemma "X = x";

proof (prove): step ©

goal (1 subgoal):
1. x = x
> i

0 -+ Terminal
File Edit View Terminal Tabs Help
Welcome to Coq 8.4pl2 (September 2013) :

Cogq < Lemma test: forall (A: Type) (x: A), x = x .
1 subgoal

forall (A : Type) (x : A), X = X

test < I

(W

ikipedia: K. Thompson and D. Ritchie at PDP-11)

e user drives prover, via manual copy-paste

e synchronous and sequential
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Proof General and clones (=~ 1999)

emacs: Group.thy

File Edit Apps Options Buffers Tools Pro

o X
Help

DEEH Y o

finally; show Pthesis;
ged;

text ix

With “namefgroup-right-inverse} already available,

“name fgroup-right-unitislabel {thm:group-right-unit} is now
established much easier.

*3 5

theorem group_right_unit:
proof -;
have "x e one =
by (simp only
also; have " =
by (simp
also; have
by (simp
also; have = x";
by (simp only: group_left_unit);
finally; show 7thesis;
ged;

"x e oone = (x:

x o (inv x e x)";
group_left_inverse);
.= o e dny % e "
only: group_assoc) ;
... = gne e xU3
only: group_right_inverse);
Poos = %R

text £k

“medskip The calculational proof style above follows typical
presentations given in any introductory course on algebra. The basic
technigue is to form a transitive chain of eguations, which in turn
are established by simplifying with appropriate rules. The low-lewel
Tneical details nf eonatinnal reasonine are 1eft imnlicitf.

macs: Group.thy (IsabellesIsar script XS:isar Font Scriptin

a
)--—-29%|

Proof (prove): step &, depth 1

goal (have):
% & iny x e %

= one s x
1. % o inv x e

o
X = one e x

File Edit Navigation TryTactics Templates Queries

Display Compile Windows

Help

EXFEwTLO .

[Eintro.v ‘eExamp\Es v|

rewrite IHn.
reflexivity.
Qed.

Lemma nat_eq_dec :
induction n.
destruct m as [[m].

left.

reflexivity.

right.

discriminate.
destruct m as [|m].

right; discriminate.
destruct (IHn m) as [Hm|Hm].
left.
rewrite Hm.
reflexivity.
right.
intros Hnm.
apply Hm.
injection Hnm.
tauto.
Defined.

forall (nm :

Eval compute in
Eval compute in

(nat_eq_dec 2 2).
(nat_eq_dec 2 1).
Definition pred (n:nat) :
match n with
| @ => None

option nat

nat) ,

{n

m} +

2 subgoals

n : nat

IHn : forall m
m : nat

Hm : n=m

nat, {n = m} + {n <> m}

(1/2)

Sm=5Sm

(2/2)

{Sn-=

Sm} + {Sn< Sn}

————— XEmacs: *isabelle-goalsk (Isabelle/Isar proofstate)——-All

|Ready in Predicate_Logic, proving nat_eq_dec

Line: 159 Char: 13 Coglde started

e user drives prover, via automated copy-paste and undo

e synchronous and sequential
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CoqIDE (=~ 2016)

File Edit View Mavigation Try Tactics Templates Guerles Tools Compile ‘Windows Help
O % # ¢4 JF ¥ &0 « » [

@~Arithy @Arith_basew | @Peanollaly

FEVErL M; LOUUCLLON N UESLIUCL W; SLMpL; FEWrlle fLAn; SPIii;

duLu; edsy. 2 subgoals
Qed n : nat
IHn : forallm : nat, (n ?=m) <> GE <->n<=m

Lemma compare 1t iff nm : (n ?=m) = Lt <-> n < m. m : nat ( )

Pt b H:n<=m

revert m; induction n; destruct m; simpl; rewrite ?IHn; split; try easy. (1/2)
- intros _. apply Peano.le n_S, Peano.le @ n. Sn<=sm

- apply Peano.le_n_S. (2/2)
- apply Peano.le S n. ne=m

Qed.

Lemma compare_le iff nm : (n ?=m) <> Gt <-> n <=m.

P .

revert m; induction n; destruct m; simpl; rewrite ?IHn. |

- now split.

- split; intros. apply Peano.le_@_n. easy.

- split. now destruct 1. inversion 1.

- split; intros.| now apply Peano.le_n_S. now apply Peano.le_S_n.

Qed.

Lemma compare_antisym nm : (m ?= n) = CompOpp (n ?= m).

Proof.

revert m; induction n; destruct m; simpl; trivial.
Qed.
Lemma compare_succ nm : (Sn ?=5m) = (n ?=m). Messages || | Errors t] Jobs lﬂ
Proof.

reflexivity.

ed.

(* BUG: Ajout d'un cas * aprés preuve finie (deuxiéme niveau +++¥** z
* ---> Anomaly: Uncaught exception Proofview.IndexOutOfRange(_). Please report. *

(** ** Minimum, maximum *)

Lemma max_1 : forallnm, m<=n -> max nm = n.
Proof.

exact Peano.max_1.
ed.

Lemma max_r : forallnm, n<=m -> max n m = m.
Proof.
exact Peano.max_r.

Qed.

Ready in MNat, proving compare_le_iff

|
Line: 211 Char: 18 Cog s ready

e more formal interaction protocol
e recent support for asynchronous proofs

History of Prover Interaction
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Isabelle/PIDE/jEdit 10.0 (August 2018)

e stateless
document
model

® asynchronous
interaction

® continuous
checking

e parallel
processing

e scalable
applications

[ NN ] & Seq.thy
7 = . = L= . e . g . .
IEdE & 9¢ DB R D B @& @ |€»
0 Seq.thy (SISABELLE_ROOT/src/HOL/ex/) E isabelle E
section <Finite sequences: Bl %
Seq.thy
theo ry Seq ¥ section <Finite sequences:
. . theory Seq
1imports Main datatype "a seq = Empty | Seq 'a "'a s
begin fun reverse © "azeq - m e
lemma conc_empty: “conc xs Empty = xs”
lemma conc_assoc: "conc (conc xs ys) z¢
' = ' na n lemma reverse_conc: “reverse (conc xs |
datatype 'a seq = Empty | Seq ‘a "'a seq o
o |fun conc :: "'a seq = 'a seq = 'a seq"l
where
"conc Empty ys = ys"
| "conc (Seq x xs) ys = Seq x (conc xs ys)"
3 #
o |fun reverse constant "Seq.seq.Seq"
where 11 'a = 'aseq = 'a seq
"reverse tmpcy cmpcy
| “"reverse (Seq x xs) = conc (reverse xs) (Seq x Empty)"
= |Lemma conc_empty: "conc xs Empty = xs"
by (induct xs) simp_all
Proof state  [@ Auto update Update | Search: v 00% <
constants
conc :: "'a seq = 'a seq = 'a seq"
Found termination order: "()\p. size (fst p)) <*mlex*> {}"
B = OQutput
13,39 (200/789) (isabelle,isabelle,UTF-8-Isabelle) UG IR/ 495MB 4:46 PM

History of Prover Interaction
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Isabelle/PIDE timeline

Parallel Isabelle

e 2005 “free lunch is over’: multicore CPUs become mainstream
e 2006—-2008 Isabelle + Poly/ML support parallel threads

Isabelle/jEdit

e 2008-2010: experimental versions of Isabelle/jEdit Prover IDE
e October 2011: release of Isabelle/jEdit 1.0

e October 2014: discontinued Isabelle TTY and Proof General
e August 2018: Isabelle/jEdit 10.0 as “filthy-rich client”

Isabelle/VSCode

e October 2017: release of Isabelle/VSCode 1.0
e August 2018: release of Isabelle/VSCode 1.1

History of Prover Interaction



Prover IDE architecture



PIDE principles (2008)

Approach:

Prover supports asynchronous document model natively

Editor continuously sends source edits and receives markup reports
Tools may participate in document processing and markup

User composes document — assisted by rendering of PIDE markup

Challenge: introducing genuine interaction into ITP
e many conceptual problems

e many technical problems

e many social problems

Prover IDE architecture 8



The connectivity problem

Editor: Scala Prover: ML
TCP/IP servers - - — JVM bridge
private
POSIX processes API o | protocol API POSIX processes
«— [ = +—
Java threads @ = ML threads
Scala futures - — ML futures

Design principles:

e private protocol for prover connectivity
(asynchronous interaction, parallel evaluation)

e public Scala API
(timeless, stateless, static typing)

Prover IDE architecture



PIDE protocol functions

commands

I— N

Editor Prover

messages

€

e type protocol_command = name — nput — unit
e type protocol_message = name — output — unit
e outermost state of protocol handlers on each side (pure values)
e asynchronous streaming in each direction
—— editor and prover as stream-procession functions

Prover IDE architecture



Approximative rendering of document snapshots

edits
_—%.

D
£
(]
@ 8 Prover
o

markup
]

Editor

approximation

editor knows text T', markup M, and edits AT (produced by user)
apply edits: 7" =T + AT (immediately in editor)
formal processing of T": AM after time At (eventually in prover)

= w -

temporary approximation (immediately in editor):
M = revert AT retrieve M ; convert AT

5. convergence after time At (eventually in editor):
M =M+ AM

Prover IDE architecture 11



Markup reports

Problem: round-trip through several sophisticated syntax layers
Solution: execution trace with markup reports

text

Prover IDE architecture

12



PIDE application: Isabelle/jEdit



Building blocks

jEdit: http://www.jedit.org

e sophisticated text editor implemented in Java

Scala/JVM: https://www.scala-lang.org

e higher-order functional-object-oriented programming

Isabelle /Scala/PIDE:

e general framework for Prover IDEs

e with parallel and asynchronous document processing
Isabelle/jEdit:

e filthy rich client: requires 4—8 GB memory, 2—4 CPU cores
e main example application of the PIDE framework
e default user-interface for Isabelle

PIDE application: Isabelle/jEdit

14


http://www.jedit.org
https://www.scala-lang.org

Notable features of Isabelle/jEdit

good text rendering, with Isabelle fonts (symbols from TgX)
smooth input methods for non-ASCIl symbols

text indentation and folding

various tree views: outline, context, markup

panels for Output, State, Query etc.

nested tooltips and hyperlinks

highlighting of formal scopes ( “def” vs. “ref” positions)
completion for syntax (editor) and semantics (prover)

add-on tools: Quickcheck, Sledgehammer etc.

document file dependencies, including external ML_file, SML _file
Isabelle/ML IDE with source-level debugger

PIDE self-application to Isabelle/ML /Pure bootstrap
conventional document structure with semantic IDE for BibTEX

PIDE application: Isabelle/jEdit 15



Example: Semantic IDE for BibTeX

x -+

Isabelle/iEdit - root.bib (modified)
File Edit Search Markers Folding View Utilities Macros Plugins Help

DEdE & 9¢ X0 B@ NEHEE 3L &# @ (¢

[=]

Empty title in

=root.bib (~/Papers/F-IDE_2018/document/) - BE bibtex -
@Mar.\ual{,l #Cut Cix or S+DELETE :'(:frt')i‘:;abe”e _
title = {1, 5 Copy Ctc or C+INSERT Manual isabelle-jedit-manual
= {}, o Paste C+v oor S+INSERT | Manual isabelle-hol-spark-manual
= {}' Paste Previous... C+e C+v
= {} Paste Deleted... C+e C+y
_ ! Select Code Block C+OPEN_BRACKET or C+8
= {h To Upper Case
= {1, To Lower Case
{}, 4 HyperSearch for Word A+PERIOD
= {}, ¥ Add/Remove Marker C+e C+m
} Collapse Fold A+BACK_SPACE
Expand Fold Fully AS+ENTER
. . i Narrow to Fold C+e n n
@Manual{isabelle-jedit-manual, BibTeX entries I Article
title = {Isabelle/jEdit}, | customize This Menu... InProceedings
= {Makarius Wenzel}, InCollection
= {Part of Isabelle distribution.}, InBook
Proceedings
= {October}, Book
= 2017, Booklet
: ” PhdThesis

I
#Proof state wAuto update | Update Search:‘

~H100% MastersThesis

Bibtex warning (line 64 of "/home/makarius/Papers/F-IDE_2018/document/root.bib"): TechReport
I'm ignoring wenzel:2014:uitp-eptcs's extra "year" field
Bibtex warning (line 78 of "/home/makarius/Papers/F-IDE_2018/document/root.bib"):Unpublished
I'm ignoring tankink:2014:uitp-eptcs's extra "year" field
Bibtex warning (file "/home/makarius/Papers/F-IDE_2018/document/root.bib"):
To sort, need author, organization, or key in
Bibtex warning (file "/home/makarius/Papers/F-IDE_2018/document/root.bib"):

Manual

Misc

D]

[sen0ay 1 [23e35[3214pIS|UoREIUS WINO Q|

a | - |Console|Highlighter|Output| Protocol|Query |Sledgehammer|Symbols|Syslog|

182,10 (2750/3503)

(bibtex,sidekick,UTF-8-Isabelle) | nmro UG

'2/2779MB 3:43 PM

PIDE application: Isabelle/jEdit
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PIDE application: Isabelle/VSCode



Building blocks

e VSCode editor platform:

— recent open-source project by Microsoft

“Code editing. Redefined. Free. Open Source. Runs everywhere.”
— based on Electron application framework

with Node.js, Chromium browser, V8 JavaScript engine
— IDE for TypeScript in TypeScript (typed JavaScript)

e Isabelle/Scala/PIDE:

— slightly reworked for multiple front-ends
— Language Server Protocol based on JSON-RPC

e VSCode Isabelle extension: via VSCode marketplace

PIDE application: Isabelle/VSCode 18



Isabelle/VSCode 1.0 (October 2017)

["\ EXPLORER
4 OPEN EDITORS

Seq.thy — HOL

Seq.thy e State

%
»
5]
=]
m

) Auto update | Update | | Locate

LEFT
® = Seq.thy ex

section <Finite sequences>

proof (prove)

v T theory Seq ggalcéicsizggzli: Cxs
S £ State imports Main ' o
4 HOL :
= ML.thy begin
MonoidGroup.thy
cH Multiquote.thy datatype 'a seq = Empty | Seq 'a "'a seq"

NatSum.thy
Normalization_by_Evaluation.thy
Parallel_Example.thy
Peano_Axioms.thy

fun conc :: "'a seq = 'a seq = 'a seq"
where

PER.thy "'conc Empty ys = ys" 1
Perm_Fragments.thy | "conc (Seq x xs) ys = Seq x (conc xs ys)"
PresburgerEx.thy 1
Primrec.thy f o . m
un reverse :: a seq » 'a seq
FREEEEy constant "Seq.seq.Seq"
£ Quicksort.thy where
Records.thy "reverse Empty = Empty" :: 'a= 'a seq = 'a seq
ReiEE R A iy | "reverse (Seq x xs) = conc (reverse xs) (Seq x Empty)"
Refute_Examples.thy
Rewrite_Examples.thy
SAT_Examples.thy lemma conc_empty: "conc xs Empty = xs"
Seq.thy by (induct xs)
Serbian.thy
Set_Comprehension_Pointfree_E... " "
ot Theomh lemma conc_assoc: "conc (conc xs ys) zs = conc xs (conc ys zs)
et_Theory.thy .
= Simproc_Tests.thy by (lndUCt XS,)V
Simps_Case_Conv_Examples.thy
SOS_Cert.thy lemma reverse_conc: '"reverse (conc xs ys) = conc (reverse ys) (reverse xs)"
Slekiliy by (induct xs) (simp_all add: conc_empty conc_assoc)
Sqrt_Script.thy
Saqrt.thy
= Sudoku.thy lemma reverse_reverse: "reverse (reverse xs) = xs"
Sum_of_Powers.thy by (induct xs) (simp_all add: reverse_conc)
Tarski.thy
£ Termination.thy
PROBLEMS OUTPUT DEBUG CONSOLE TERMINAL E—‘T‘ A x
ThreeDivides.thy
Transfer_Debug.thy £ Sea.thy ex
© Failed to finish proofa: goal (2 subgoals): 1. conc Empty Empty = Empty 2. Ax1 xs. conc xs Empty = xs => conc (Seq x1 xs) Empty = Seq x1 xs (24, 16)

£ Transfer_Ex.thy
£ Transfer_Int_Nat.thy

Transitive_Closure_Table_Ex.thy

o

Failed to finish proofa: goal (2 subgoals): 1. conc (conc Empty ys) zs = conc Empty (conc ys zs) 2. Ax1xs. conc (conc xs ys) zs = conc Xs (conc ys zs) = conc (conc (Seq x1 xs) ys) ... (27, 16)

Ln23,Col1 Spaces:2 UTF-8 LF

PIDE application: Isabelle/VSCode

Isabelle @
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Notable features of Isabelle/VSCode

e static syntax tables for Isabelle .thy and .ML files

e implicit dependency management and formal checking of sources
e text overview lane with formal status

e prover messages within the source text (errors, warnings etc.)

e semantic text decorations: colors for free/bound variables, inferred
types etc. (Language Server Protocol extension)

e highlighting of formal scopes ( “def” vs. “ref” positions)

e proof state output via VSCode message channel or GUI panel
e HTML preview via separate GUI panel

e completion for syntax (editor) and semantics (prover)

e spell-checking of informal texts

PIDE application: Isabelle/VSCode 20



Isabelle/jEdit 10.0 vs. Isabelle/VSCode 1.1

Isabelle/jEdit: “game engine”

e scalable application

e Java with Swing GUI

e multiple threads

e simple text buffer model

e free-form layered painting (Graphics2D)

Isabelle/VSCode: “smart text editor”
minimal experiment

JavaScript with HTML /CSS
cooperative multitasking

rich text buffer model

restricted text decoration model (CSS)

PIDE application: Isabelle/VSCode
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PIDE application: Isabelle server



Isabelle server

Approach:

Isabelle /Scala as “terminate stay-resident” application
socket communication with JSON or YXML protocol
multiple servers per user (named database entries)
multiple sessions per server (ML processes)

multiple use_theories invocations per session (PIDE edits)
https://sketis.net/2018 /the-isabelle-server-responsive-control-of-prover-sessions

Look-and-feel:

file-system state turned into PIDE document updates
asynchronous command-loop with explicit task identification

no GUI

PIDE application: Isabelle server 23


https://sketis.net/2018/the-isabelle-server-responsive-control-of-prover-sessions

Isabelle server 1.0 (August 2018)

$ isabelle server &
$ isabelle client

help

session_start {"session": "HOL"}

use_theories {"session_id": ..., "theories": ["""/src/HOL/ex/Seq"]}
session_stop {"session_id": ...}

shutdown

Note:

e manual experimentation: need to provide commands slowly
e program control: need to handle asynchronous notifications

PIDE application: Isabelle server 24
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Future work

Isabelle/PIDE continued:

e Isabelle/jEdit: more scaling, e.g. all of AFP in one PIDE session
e Isabelle/VSCode: better integration as standalone application

e Isabelle server: SSH tunneling and PIDE as “cloud” service

Further scaling:
e scaling up — big Isabelle/ML/Scala/Java/PIDE session on server
e scaling down — small PIDE front-end on client, e.g. via Scala.js

Open problem:
e Missing PIDE support for Coq, HOL4, HOL Light, . ..
e | am still open for collaborations!

Conclusions 26



